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(57) Abstract: A photoelectric conversion element for use in light sensors and solar 
cells. In particular, a photoelectric conversion element comprising a photoelectric 
conversion layer composed of an assembly of light-absorbing dendrimer structures 
(1) acting as an electron donor and metal fine particles (2) acting as an electron ac- 
ceptor wherein the two components (1) and (2) have chemical aflHnity to each other 
so as to form the layer in a self-assembly fashion. In this photoelectric conversion 
element, the light -absorbing substance consists of dendrimer structures, so that elec- 
trons having been excited by light absorption undergo long-distance electron transfer 
via molecular chains and can reach the metal fine particles (2) acting as an electron 
acceptor. The electrons are quickly led outside as electric current through contact 
between metal fine particles and/or between metal fine particles and electrode. 
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;V) ^>X7';V7^tK (2) (JR^14%) o 

<xa3 ^V-5^h^^;5^ (3,5-li;;^ (3' ,5' -t;^ (r^^Jl/i^^ 3ir:;vi^D:^ 
i^) 7.^^))]/) 7a:-;i/) ;}^;i/7'f U> (3) ©-arfi6i:3W®i> 



wo 2004/025738 



PCT/JP2003/011741 



9 

3,5-br;:^ (3' ,5' -tx a^r:;i/>>Dd^>>) 
y )V) ^yXTJVy^M K(2) (0. 75 0.565 mm o 1 ) ^Atls ^ 
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V)]^±ii^^miro MBit. K U U >®;^3lg*flfe^t-S± 

•ei^l^aS:^. t'V b*D >g|5{ftl3^^n^7KmM^H (l) ~H (6) lc:<fcS6. 
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^XV (SOWs 0. 24inbar. 4^fS) lzxmm\^tco S-T'^yrntT^V 

:!5f^xa«^^gi8b-c 3 o^p^ 6 o'ctcira^bx :ff^:^Am±izT K >^&^mx 

feofeo ifel3x> U V — 5jf;i/7 (5) 10mg5& b > 5 m L 

bfc^Y^^ri 5^p^a?«bfco 

iJ^T^mU-^ 2'D(DmWL\Z±U<Dm^-^'S^'S.\zmm.ir^UW^ l 4|lli^D7gb 
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1 3. mm^mmmm'^'it. muy^yi^'j^-mT^i^ifi^mi^mtB^^izm-^t- 
.1 6. tfiiB:)tem^*^^^=^{ix mm^mum.'?'itfi±^v-^x<Dnm^^-r^m^(D 

2 0.. BuiB^femi^i^^^ttx buibt^v k V '^-mMi$.ifim.m'^ttim^mm±i=- 1 

2 1. tulB^m^m^^fis iuiB5^> K U x'— ^5gi*:As^fflt3BuiB?^'&t3||#-r 

2 3. B^^§B^S|gi^ll^t*^ Bfif3^i®iRi4©fes^^3<:{iip^H*«^;i/7^ u> 
2 4. auiB^a^4^^^«x Mii^mW^^iJ^i- ^ v-^ x<Dm.m^^t ^mj^^co 



wo 2004/025738 



PCT/JP2003/011741 



18 

3 1. BfiiB3fc«^m^^{±> BuHB^PiiiRi4©^^^^X{iM-?BaAS5}t;i/:7 >f u> 
^jgXtt 7 O i^T::: >:»3gi* §»*®«SHm 3 0 ]«IB«® *lim?lilo 

3 4. HuiB^m^i^^^fi. -n(Dmmmmz^ m^%m^mmhmmm.mhifi 

««U"riBB$tiTVA§M^®«SH^2 7]gt3«©:*:Bgm?lbo 




FIG.1C 



wo 2004/025738 



PCT/JP2003/011741 



2/12 





wo 2004/025738 PCT/JP2003/011741 

6/12 



& 

<^ 

A 

m 

G 
ij 



glHl 



OL'm 



2908 



369 d S\ 



snvi 



009 1 d'S 



008 d'S 



eOQI 
|0frl 

ioei 

|GZl 
|02l 
|9U 
|0U 
1 901 
|00l 
= 96 
1 06 
= 98 
1 08 
= 9L 
|0i 
i99 
= 09 
1 99 
1 09 
i9fr 
iOfr 
= 98 
= 08 
= 93 
103 
= 9t 
= 01 
= 9 




FIG.5 



wo 2004/025738 PCT/JP2003/011741 



8/12 




1 — I — I — I — i — I — I — I — I — I — I — I — I — I — I — I — i — r 

8^ IQ 




FIG.6 



wo 2004/025738 



PCT/JP2003/011741 



9/12 




wo 2004/025738 



11/12 



PCT/JP2003/011741 




FIG.9B 



wo 2004/025738 



12/12 



PCT/JP2003/011741 




FIG. 10 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP03/11741 



A. CLASSIHCAllON OF SUBJECT NfATIER 

Int.Cl'' H0lL31/08^ H01L31/042, H01M14/00 



According to International Patent QassiGcation (IPQ or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
Int. CI'' H01L31/04-31/C)9, H01M14/00 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Kbho 1922-1996 Toroku Jitsuyo Shinan Itoho 1994-2003 

Kokai Jitsuyo Shinan Koho 1971-2003 Jitsuyo Shinan Toroku itoho 1996-2003 



Electronic data base consulted during the international .search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages' 


Relevant to claim No. 


X 


T. Tasaki et al., CSJ: The Chemical Society of 
Japan Koen Yokoshu, Vol. 81^ No.l, page 389, 
(20020311) , "Preparation and photoelectrochemical 
properties of electrodes modified with alternately 
assembled porphyrin derivative-gold nano 
particles" 


1 


-34 


X 


M. Lahav et al., J.Am.Chem. Soc. , 1999, 121, 
pages 258 to 259, "Assembly of a Zn(II)- 
Porphyrin-Bipyridiniiam Dyad and Au-Nanoparticles 
Superstructures on Conductive Surfaces" 


1- 


-34 


P.X 


S .Yamada et al.. Thin Solid Films 438-439 (2003) 
70-74, "Gold nanoparticle-porphyrin self -assembled 
multistructures for photoelectric conversion" 


1- 


-34 



fx] Further documents are listed in the continuation of Box C. See patent family annex. 



Special categories of cited documents: "T' 
document defining the general state of the art which is not 
considered to be of particular relevance 

eariier document but published on or after the intemational filing "X" 
date 

document which may throw doubts on priority claim(s> or which is 
dted to estaWish the publication date of another citation or other "V 
special reason (as specified) 

document referring to an oral disclosure, use, exhibition or other 
means 

document published prior to the intemational filing date but later 
than the priority date claimed 



later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underiying the invention 
document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or mote other such documents, such 
combination being obvious to a person skilled in the an 
document member of the same patent family 



Date of the actual completion of the intemational search 
15 December, 2003 (15.12.03) 



Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 



Date of mailing of the tntemationai search report 

13 January, 2004 (13.01.04) 



Authorized officer 



Telephone No. 



Form PCT/ISA/210 (second sheet) (July 1998) 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP03/11741 



C(ContinuaUon). DOCXJMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



JP 2002-237611 A (Hitachi Maxell, Ltd.)/ 
23 August, 2002 (23.08.02), 
Full text; all drawings 
(Family: none) 



JP 2001-320068 A (Fuji Photo Film Co. 
16 November, 2001 (16.11.01), 
Full text; all drawings 
(Family: none) 



Ltd. ) , 



JP 11-40871 A (Mitsubishi Chemical Corp.), 
12 February, 1999 (12.02.99), 
Full text; all drawings . 
(Family: none) 

JP 2000-336171 A (Mitsubishi Chemical Corp.), 
05 December, 2000 (05.12.00), 
Full text; all drawings . 
(Family: none) 

N. Krasteva et al., Nano Letters, Vol.2, 
No. 5, (2002), 551-555, "Self-Assembled Gold 
Nanoparticle/Dendrimer Composite Films for 
Vapor Sensing Applications" 



1-34 



1-34 



1-34 



1-34 



1-34 



Form PCr/ISA/210 (continuation of second sheet) (July 1998) 



mmmmm-^ pct/jpo 3/11741 



A. mm<omi-^^m<o^^m m^i^ff^ ( i p c) ) 

Int. Cl' HOILSI/OS, H01L31/042, H01M14/00 



B. 



m&^n^tcm^mmn mm<i^^m (i po ) 

Int. CI' H01L31/04 - 3 1/0 9, H01M14/00 



s:^mmmmm^m i922-i996¥ 

s^^m-'^mmmmm^ikm 1971-2003^ 

s^mmmmmmM<^m i994-2oo3<¥ 

n:^mMmfsimss^m. 1996-200 3<¥ 



X 



T. Tasaki et al. B :^^h^^mm'^^M. Vol. 81. No. 1. p. 389 
(20020311), 'Preparation and photoelectrochemical 
properties of electrodes modified with alternately 
assembled porphyrin derivative-gold nano particles' 

M. Lahav et al, J. Am. Chem. Soc. , 1999. 121. p. 258-259, 
"Assembly of a Zn(II)-Porphyrin-Bipyridinium Dyad and 
Au-Nanoparticles Superstructures on Conductive Surfaces* 



1-34 



1-34 



%><D 

roj o^icisM^, mm. ^mm^-mR-r^xm 



TYj ii#jc|ijg<Difes:!cm-efeoT. ^^rscistififeoiet 



15. 12. 0 3 



13.01.04 



B^m^m-ff (I sA/j p) 

^ll#-f-l 0 0-8 9 1 5 
«^a5=f f^Sffl EUdSglHT i 4# 3 



03-3581-1101 



2K 



3 10 6 



3 2 5 3 



«|^CPCT/I SA/2 1 0 (02'<-5^) (1 9 98^7-^) 



mm^^ PCT/J PO 3/1 1 74 1 



c m^) 



PX 



i. Yamada et al. Thin Solid Films 438-439 (2003) 70-74, 
"Gold nanoparticle-porphyrin self-assembled multi structures 
for photoelectric conversion" 



JP 2002-237611 A 
2002. 08. 23, 



JP 2001-320068 
2 0 0 1.1 1. 1 6, 



1-34 • 



1-34 



1-34 



J P 1 1 -4 0 8 7 1 A (H 
1 9 9 9. 0 2. 1 2, ^S:, 
(7t 5 y-J^iU) 



P 2000-336171 A 
2000. 12. 05, 

y-jfcu 



N. Krasteva et al, Nano Letters vol.2, No. 5 (2002) 551-555 
"Self-Assembled Gold Nanoparticle/Dendrimer Composite Films 
for Vapor Sensing Applications" 



1-34 



1-34 



1-34 



fi^PCT/I SA/2 1 0 (m2^—i^<om^) (1 9 9 8^7^) 



